Ca(2+) signalling in mitochondria: mechanism and role in physiology and pathology.
Over recent years, a renewed interest in mitochondria in the field of Ca(2+) signalling has highlighted their central role in regulating important physiological and pathological events in animal cells. Mitochondria take up calcium through an uptake pathway that, due to its low-Ca(2+) affinity, demands high local calcium concentrations to work. In different cell systems high-Ca(2+) concentration microdomains are generated, upon cell stimulation, in proximity of either plasma membrane or sarco/endoplasmic reticulum Ca(2+) channels. Mitochondrial Ca(2+) accumulation has a dual role, an universal one, which consists in satisfying energy demands by increasing the ATP production through the activation of mitochondrial enzymes, and a cell type specific one, which, through the modulation of the spatio-temporal dynamics of calcium signals, contributes to modulate specific cell functions. Recent work has revealed the central role of mitochondria dysfunction in determining both necrotic and apoptotic cell death. Evidence is also accumulating that suggests that alterations in mitochondrial function may act as predisposing factors in the pathogenesis of a number of neurodegenerative disorders. These include inherited disorders of the mitochondrial genome in which a defect in mitochondrial calcium accumulation has been shown to correlate with a defect in ATP production, thus suggesting a possible involvement of mitochondrial Ca(2+) dysfunction also for this group of diseases. This review analyses recent developments in the area of mitochondrial Ca(2+) signalling and attempts to summarise cell physiology and cell pathology aspects of the mitochondrial Ca(2+) transport machinery.